Background: In the aldehyde dehydrogenase 2 (ALDH2) gene, the ALDH2*2 allele, prevalent in East Asian populations, encodes an enzyme with severely reduced activity, thereby disrupting the normal metabolism of alcohol. Possession of the ALDH2*2 allele has been repeatedly shown to be associated with lower risk for alcohol dependence and reduced alcohol use. However, relatively few studies have considered whether the magnitude of the effect of ALDH2 polymorphism upon drinking is related to developmental stage or varies by environmental context.
A LTHOUGH DEVELOPMENTAL PATTERNS of alcohol use vary between individuals (Brown et al., 2008) , on average, alcohol use increases in accelerating fashion over the course of adolescence (Walden et al., 2007) , typically reaching a maximum during early adulthood (Sher et al., 2005) , and declining thereafter (Moore et al., 2005) . Twin studies, and studies using other genetically informative family designs, indicate that genetic factors account for a substantial proportion of variance in alcohol use (McGue, 1999) , but the magnitude of genetic effects upon alcohol use may change over the course of development. Some studies have shown that shared environmental influences are important to the initiation and establishment of alcohol use during adolescence, but give way to increasing genetic influences upon alcohol use phenotypes through adolescence and into adulthood (Kendler et al., 2008; Rose and Dick, 2005) . The pattern of increasing genetic relationship to alcohol userelated phenotypes with age has also been observed in association with measured genetic polymorphisms in candidate genes. For example, the strength of the association observed between a polymorphism in the GABA-A receptor alpha 2 subunit gene GABRA2 and alcohol dependence was shown to increase with age (Dick et al., 2006) .
Twin, adoption, and other genetically informative studies designed to disentangle genetic factors from those of the social environment, suggest that heritable effects upon adolescent alcohol use may be both magnified and attenuated by environmental factors (Dick, 2011; van der Zwaluw and Engels, 2009) . Generally, in less constrained (Dick, 2011) , or more adverse environments, such as when the alcohol use of family members and peers is high (Hicks et al., 2009) , variance attributable to genetic influences upon adolescent alcohol use and other externalizing behaviors increases. There is also evidence that environmental moderation may modulate the magnitude of the influence of specific measured genetic polymorphisms upon alcohol use. For instance, one study found a polymorphism in the dopamine transporter gene DAT1 to be associated with serious alcohol problems only among young men who also had alcoholic fathers (Vaske et al., 2009) .
The enzyme aldehyde dehydrogenase 2 (ALDH2) performs an essential step in the normal function of the pathway of ethanol metabolism, by mediating the oxidation of acetaldehyde to acetate in the mitochondria of the liver and other tissues (Bosron and Li, 1986 ). While very rare in other populations (Li et al., 2009) , among East Asian populations, a substantial proportion of the populace carries an ALDH2 gene variant rs671 resulting in a Glu504Lys amino acid change (Li et al., 2009; Yoshida et al., 1984) , which codes for an enzyme with greatly diminished oxidative efficacy (Crabb et al., 2004) . Reduced enzyme activity causes buildup of acetaldehyde in tissues after consumption of alcohol (Wall et al., 1997) , which produces a number of dysphoric symptoms, including facial flushing, nausea, and headache (Eriksson, 2001 ). Consequently, it has been repeatedly observed that, relative to those homozygous for the allele producing a fully active enzyme (ALDH2*1), individuals carrying the reduced activity ALDH2 variant (ALDH2*2) drink less (Hendershot et al., 2009) and are less likely to become alcohol-dependent (Luczak et al., 2006) .
The relationship between ALDH2*2 possession and lower alcohol use may increase during late adolescence and early adulthood. Doran and colleagues (2007) assessed a sample of Asian-American college students during the first year of college and again in the second year. They found that the frequency of heavy drinking episodes was not related to ALDH2 genotype during the freshman year, but was during the sophomore year. Possession of the ALDH2*2 allele, the authors concluded, protected against progression toward heavy drinking from freshman to sophomore year, and made desistance from heavy drinking during this period more likely. Similarly, the association between ALDH2 genotype and alcohol use outcomes in a sample of Korean college students in Korea increased between an initial freshman year assessment and follow-up 6 years later (Kim et al., 2010) .
Because ALDH2 specifically affects alcohol use via a known mechanism of altered alcohol metabolism, it is not likely to contribute to the same largely genetic latent factor that accounts for a large proportion of the variance in both alcohol use and other externalizing behaviors (Krueger et al., 2002) . Therefore, environmental moderators of genetic influences upon alcohol use shown in twin and other family-based designs, as well as in candidate gene studies involving polymorphisms in genes active within the nervous system, may not similarly moderate the effects of ALDH2 polymorphism. However, indirect evidence indicates that the strength of the effect of ALDH2 upon drinking may be influenced by the environment. Higuchi and colleagues (1994) noted that between 1979 and 1992, a progressively greater proportion of alcoholics in Japan possessed the ALDH2*2 allele. This change is presumed to be the result of sociocultural shifts in Japan during the interim years, resulting in increased prevalence of alcohol use (Higuchi et al., 2007) . These results imply, albeit indirectly, that the protection against maladaptive alcohol use afforded by the possession of the ALDH2*2 allele may be attenuated by environments where drinking is more common, or social pressures to drink are high.
In conducting the present study, we expected that possession of the ALDH2*2 allele would be associated with lower levels of alcohol use, and that this association would become stronger over the course of adolescence and into early adulthood. We predicted, further, that the environmental effects of parent and elder sibling alcohol use, and level of deviant peer behavior, would each moderate the effect of ALDH2 genotype, and that these interactive effects would also increase with the age of the target participants. By studying adopted individuals, we were able to assess the environmental effect of parent and sibling drinking upon ALDH2 effect, unconfounded by shared genetic influences.
MATERIALS AND METHODS
The Sibling Interaction and Behavior Study (SIBS) is a prospective longitudinal study of sibling pairs, including both adopted and nonadopted adolescents, and their parents . Sibling participants and their parents attended an intake (IN) assessment when the siblings were in mid-adolescence, and the siblings were re-assessed at approximately 3.5 year intervals, in late adolescence (FU1), and again in early adulthood (FU2). Participants visited the research facility for IN and FU1 assessments, but the FU2 assessment was conducted over the phone.
Sample
Because the single nucleotide polymorphism (SNP) variant (rs671) resulting in reduced ALDH2 enzymatic activity is almost exclusively found in East Asian populations, we genotyped only those SIBS participants of Korean descent, amounting to 356 participants. All participants had been adopted, with an average (SD) age at placement of 0.39 (0.55) years. Phenotypic data were available for all 356 participants at IN and FU1 assessments, and 266 participants at FU2, because the second follow-up assessment is still ongoing. Age at IN was M (SD) = 14.81 (1.81), at FU1: M (SD) = 18.13 (1.99), and at FU2: M (SD) = 22.25 (1.79) years. Of the genotyped participants, 59% were female.
Among the SIBS families from whom at least 1 child was genotyped for the ALDH2 SNP rs671, all adoptive parents were White except for 2 stepparents of Asian descent, and 1 stepparent of mixed ethnicity. Alcohol use data were available for the elder nonbiological siblings of 165 genotyped participants at IN, 160 elder siblings at FU1, and 128 elder siblings at FU2. As the SIBS study includes only sibling pairs, each genotyped participant had the possibility of only 1 elder sibling. Elder siblings were 0.22 to 4.73 years older than target siblings, M (SD) = 2.33 (0.91) years. Of these elder siblings, 17 were White, 145 were of Korean descent, and 3 were of mixed ethnic origin. Of the 145 elder siblings of Korean descent, 126 were themselves genotyped participants, while the other 19 nongenotyped elder siblings of Korean descent did not have available DNA samples.
Genotyping
Participants provided samples of either peripheral blood (n = 191) or buccal swab (n = 165). The ALDH2 Glu504Lys polymorphism (rs671) was genotyped using an Applied Biosystems TaqMan drug metabolism genotyping assay (Foster City, CA). Additional details regarding the genotyping procedure have been previously published (Irons et al., 2007) . Of 356 genotyped samples, 260 (73%) were homozygous ALDH2*1/*1, 87 (24.5%) were heterozygous ALDH2*1/*2, and 9 (2.5%) were homozygous ALDH2*2/*2. These genotype proportions did not deviate from Hardy-Weinberg equilibrium, v 2 (1) = 0.28, p = 0.6. The frequency of the ALDH2*2 allele that we observed (14.8%) was approximately equivalent to previous studies of the polymorphism in samples of Korean descent (Li et al., 2009; Luczak et al., 2006) . ALDH2 genotype did not vary by sex, v 2 (1) = 1.87, p = 0.17.
Measures
All SIBS participants, both parents and children, underwent structured interviews including the assessment of Diagnostic and Statistical Manual of Mental Disorders, 4th Edition (DSM-IV; American Psychiatric Association, 1994) diagnostic criteria, producing symptom counts and diagnostic status for alcohol abuse and alcohol dependence. Diagnostic data for parents (who were assessed at IN only) covered parental lifetime. Diagnostic data for sibling participants covered lifetime for assessment at IN and covered the interval elapsing since their last assessment (typically over 3 years) at FU1 and FU2. To account for the possibility that symptoms may be forgotten when reporting on past disorder, participants were classified as alcohol-dependent if they satisfied criteria for either definite (meeting all DSM-IV criteria) or probable (missing 1 symptom) alcohol dependence. Alcohol abuse, which requires only 1 symptom, was diagnosed only when full DSM-IV criteria were met.
We also measured the alcohol use of parents and sibling participants (including both target siblings and their co-siblings) aged 16 or older at the time of assessment using a modified version of the Substance Abuse Module (SAM; Robins et al., 1987) , which was originally developed to supplement the World Health Organization's Composite International Diagnostic Interview (Robins et al., 1988) . These measures were collected at all 3 assessment time points for sibling participants, but at IN assessment only for parents. To all sibling participants younger than 16 at the time of assessment, we administered a computerized substance use questionnaire, which included alcohol-use items rescaled to be equivalent to those in the SAM. To index alcohol use for genotyped participants, older siblings, and parents, we used 4 items included on both the SAM and the computerized substance use questionnaire: frequency of drinking sessions over the year preceding the current assessment; average amount of alcohol consumed during drinking sessions over the year preceding the current assessment; maximum amount of alcohol consumed during a single drinking session over the participant's lifetime until the current assessment; and frequency of intoxication over the participant's lifetime until the current assessment. These items were combined, with equal weighting, to form a drinking index representing participants' overall drinking behavior.
Peer behavior was assessed at all 3 assessments using a 9-item questionnaire regarding delinquent, antisocial, or otherwise deviant peer behaviors, asking sibling participants to evaluate statements such as "My friends get into trouble with the police" or "My friends work hard to get good grades in school." Only a single item on this questionnaire referred directly to peer alcohol use ("My friends drink alcohol or beer"). Each item was scored on a 4-point scale for the proportion of peers exhibiting the indicated behavior ("None of my friends," "Just a few of my friends," "Most of my friends," or "All of my friends"), and item scores were summed.
Analyses
Because possession of a single ALDH2*2 allele is sufficient to produce substantially diminished enzyme activity (Crabb et al., 1989) , for analyses including ALDH2 genotype, individuals both homozygous and heterozygous for the ALDH2*2 allele were grouped together and contrasted with individuals homozygous for the ALDH2*1 allele. Age was centered for the analysis by subtracting the minimum observed age (10.73 years) from each participant's age. Count data (not including age), considered both as predictors and outcomes, were log-transformed for the analysis. Individuals who had never had a drink at the time of their latest assessment (n = 56) were excluded from the analyses. Status as a lifetime neverdrinker did not differ by possession of the ALDH2*2 allele at the latest assessment for which data were available for each individual, v
(1) = 0.14, p = 0.70. In assessing the main effects of ALDH2 genotype, as well as the effects of moderation by parental alcohol use and misuse, and peer deviance, all 300 genotyped participants who had ever had a drink by the time of their latest assessment were included in the analyses of all compared models. However, in assessing the potential moderating effect of elder sibling alcohol use and misuse, analyses included only the 165 genotyped participants for whom elder sibling data were available.
Both the drinking index and the sum of the alcohol abuse and alcohol dependence symptom counts were each averaged across mothers and fathers, so that parental alcohol use represents maternal and paternal alcohol use in combination. Because their distributions were nonnormal, for all participants, the drinking index and the sum of alcohol dependence and alcohol abuse symptom counts were each log-transformed. For the analysis, for parents, and elder siblings separately, the log-transformed drinking index and the logtransformed sum of alcohol abuse and alcohol dependence symptom counts were standardized and averaged to form a combined alcohol problem index, which was itself then standardized. All standardization was calculated relative to the variable values of the total number of available SIBS parents (N = 1,164) and both adopted and nonadopted offspring (N = 1,232), including both genotyped and nongenotyped SIBS participants.
To account for intra-individual correlation across longitudinal observations, for counted data outcomes, we used mixed modeling as implemented in SAS (SAS Institute, Inc., Cary, NC) PROC MIXED (Bryk and Raudenbush, 1992; Singer, 1998) and generalized estimating equations (Liang and Zeger, 1986) for binary outcomes. Within each model comparison set, likelihood ratio testing (LRT) was used to compare the least complex model to each of the successive models that appended 1 or more additional terms. We identified the best-fitting model within each model set as the one that minimized the Akaike's information criterion (AIC; Akaike, 1973) for quantitative outcomes, or the comparable quasi-likelihood function under the independence model criterion (QICC; Pan, 2001) for binary outcomes. For binary outcomes, we also considered Wald tests to determine the significance of added terms, as more complex models were compared.
For each outcome, we first fit a best-fitting baseline model including fixed effects for sex, age, and polynomials of age up to the cubic term (for the analyses of count data outcomes) or squared term (for the analyses of binary outcomes). The best-fitting baseline model included a sex-by-age interaction for all continuous phenotypes, but not for the binary alcohol dependence or abuse phenotype. Preliminary model fitting did not support the inclusion of an interaction term between sex and ALDH2 genotype, nor any role for elder sibling sex, for any alcohol use outcomes, so these terms were excluded from the baseline model and subsequent model comparisons. To the baseline model, we fit a series of models adding terms first for the effect of ALDH2 genotype, then for the change in ALDH2 effect over time (i.e., an ALDH2 by age interaction). Next, separately for the effects of parental alcohol use and misuse (i.e., the parental combined alcohol problem index), elder sibling alcohol use and misuse (i.e., the elder sibling combined alcohol problem index), and peer deviance, we fit a successive series of incrementing models including the change in the effect of each potential environmental moderator over time, the interaction of each with ALDH2 genotype, and the change in the interaction of each with ALDH2 genotype over time. Table 1 displays the nontransformed observed values of the descriptive statistics for genotyped participant ages, as well as the primary alcohol use outcomes (drinking index, alcohol abuse and dependence symptom sum, and alcohol abuse or dependence diagnosis), at each assessment stage (IN, FU1, and FU2 ) by ALDH2 genotype. Model fit comparisons are given in Table 2 . For all 3 outcomes, LRT indicated that including the ALDH2 main effect and the age by ALDH2 interaction effect significantly improved model fit relative to the baseline model. Likewise, the best-fitting model by minimized AIC or QICC included the main effect of ALDH2 as well as the interaction of ALDH2 with age.
RESULTS
To understand the nature of the ALDH2 by age interaction, Table 3 provides best-fitting model estimated mean alcohol use phenotype values for each genotype group at 3 ages (15, 18, and 22), which correspond approximately to the sample mean age at each assessment. For every phenotype, alcohol use occurred with very low incidence at early ages, but increased over the course of adolescence and early adulthood before leveling off or decreasing near the end of early adulthood (Figs 1-3) . Effect sizes for continuous outcomes, and odds ratio (OR) for the discrete outcome, show that, as we expected, the protective effect of the ALDH2*2 allele against all forms of alcohol use also increased with participant age (this trend may also be observed for each of the outcomes displayed on Figs 1-3). For example, for the drinking index, the effect size for the estimated standardized mean difference between the ALDH2 groups grew from d = À0.07 at age 15 to 0.22 at age 18 and 0.40 at age 22. Likewise, the predicted probabilities of alcohol abuse or dependence diagnosis showed the protective effect of the ALDH2*2 allele increased with age, from OR = 2.29 at age 15 to 1.10 at age 18 and 0.42 at age 22. Although the OR might suggest that ALDH2*2 is associated with increased risk at age 15, it is important to recognize that the rates of diagnosis are very low at this age (approximately 2% for both genotypes), in which case the estimated OR is statistically unstable.
Results of the analysis of the effects of parental alcohol use and misuse are given in Table 4 ; comparable results for the effects of elder sibling alcohol use and misuse and peer deviance are given in Tables S1 and S2, respectively. The means of potential environmental influences did not differ between ALDH2 genotype groups (parent combined alcohol problem index, t(898) = 0.06, p = 0.96; elder sibling combined alcohol problem index, t(363) = À0.7, p = 0.48; peer deviance, t(826) = 0.98, p = 0.33), indicating the absence of gene-environment correlation. Birth order status (i.e., being either a younger or elder sibling) also did not vary between ALDH2 genotype groups, v 2 (1) = 0.04, p = 0.84. Our primary interest is in determining whether the ALDH2 effect on drinking outcomes was moderated by each environmental indicator (as indicated by the inclusion of the 2-way interaction term in Model F in the tables) and further whether this effect was moderated by age (by inclusion of the 3-way interaction effect in Model H). Regarding the parental combined alcohol problem index, for the drinking index and alcohol abuse and dependence symptom count outcomes, but not the binary alcohol abuse or dependence diagnosis Fig. 2 . Best-fitting model estimated alcohol abuse and dependence symptom count by age (t-standardized and log-transformed). Lines represent ALDH2 genotype groups. Fig. 1 . Best-fitting model estimated drinking index by age (t-standardized and log-transformed). Lines represent ALDH2 genotype groups. Fig. 3 . Best-fitting model estimated probability of alcohol abuse or dependence diagnosis by age. Lines represent ALDH2 genotype groups. outcome, the AIC-determined best-fitting model included the hypothesized interaction between the parental combined alcohol problem index and ALDH2 polymorphism (Table 4 , Model F for each outcome). However, by the LRT, for the alcohol abuse and dependence symptom count outcome, models including the influence of the parental combined alcohol problem index did not differ significantly from the best-fitting model without the parental combined alcohol problem index (Model C*). In no case was there evidence for the 3-way ALDH2 by parent combined alcohol problem index by age interaction effect.
Regarding the effect of the elder sibling combined alcohol problem index, for the drinking index measure, the AICdetermined best-fitting model included the hypothesized interaction between the elder sibling combined alcohol problem index and ALDH2 polymorphism (Table S1 , Model G). However, contrary to hypotheses, there was no evidence for the moderation of ALDH2 effect by the elder sibling combined alcohol problem index upon the combined alcohol abuse and dependence symptom count, nor the diagnosis of alcohol abuse or dependence. Notably, for all 3 alcohol use outcomes, the magnitude of the positive relationship between the elder sibling combined alcohol problem index and the target sibling drinking index decreased over time. Similarly, we found no consistent evidence for the interactions of ALDH2 with deviant peer behavior (Table S2 ).
For the drinking index and alcohol abuse and dependence symptom count outcomes, estimation by best-fitting models generally reflects that, as expected, the magnitude of the protective effect afforded by ALDH2*2 against alcohol had a negative relationship to the level of the parental combined alcohol problem index (Table 5 ). The same pattern is shown in estimates by the best-fitting model for the moderation of ALDH2 effect upon the drinking index outcome by the elder sibling combined alcohol problem index, and also upon alcohol abuse or dependence by peer deviance (Table S3) .
DISCUSSION
Consistent with many previous studies, we found that adolescent and young adult participants who carried the ALDH2*2 allele exhibited reduced alcohol use compared to ALDH2*1 homozygotic participants. For every phenotypic outcome (drinking index, alcohol dependence and abuse symptom count, and alcohol dependence or abuse diagnosis), the best-fitting model included terms for the effect of ALDH2 genotype (Table 2) . Furthermore, best-fitting models for each of these primary phenotypes included an age by ALDH2 genotype interaction, such that the protective effect of ALDH2*2 increased over the course of adolescence and young adulthood. This pattern is in accordance with earlier research showing that ALDH2 genotype is not related to the initiation of alcohol use, or to ever having been intoxicated (Wall et al., 2001) , and that evidence for association between the ALDH2*2 allele and diminished alcohol use may not be apparent in young samples (Hendershot et al., 2005) but may increase during young adulthood (Doran et al., 2007; Kim et al., 2010) . The influence of ALDH2 polymorphism upon drinking behaviors has been previously shown to be partially mediated by cognitive factors (Hendershot et al., 2011) . One possible mechanism by which the genetic effect of ALDH2*2 upon drinking behavior might increase with age is via learning processes, whereby alcohol cognitions develop in response to alcohol sensitivity experienced during past drinking sessions. In this framework, the effect of ALDH2*2 might be expected to increase over time, as individuals, following initial exposure to alcohol, learn to avoid ingesting larger amounts of alcohol, to avoid the adverse physiological effects that make up the alcohol sensitivity syndrome.
In the present study, we found that parental drinking (gauged by the parental combined alcohol problem index) was related to the strength of the effect of ALDH2 genotype upon both the drinking index, and the alcohol abuse and dependence symptom count, such that the protective effect of ALDH2*2 was stronger when parental drinking was lower and weaker when parental drinking was higher (Table 5 ). This finding is in accord with the previous observation that ALDH2*2 apparently afforded reduced protection against alcohol dependence as environmental exposure to alcohol use increased (Higuchi et al., 1994) ; however, in our sample, parental moderation of ALDH2 genotype effect did not extend to the diagnosis of alcohol abuse and dependence per se.
Because genotyped participants in this study were adopted, mostly by White adoptive parents, into American families, our inference regarding the phenotypic effects of variation in ALDH2 is enhanced. Caucasian adoptive parents do not carry the ALDH2*2 allele themselves, but in nonadoptive families of ALDH2*2 carriers, at least 1 biological parent must also carry ALDH2*2, and thus is likely to experience the protection against alcohol use associated with the allele. Therefore, a passive gene-environment correlation may develop when ALDH2*2-carrying individuals are raised by their biological parents, whereby the influence of parental ALDH2 genotype results in a family environment characterized by fewer models of adult drinking, and, to the extent that offspring drinking is environmentally influenced by parent drinking, this environmental influence may compound upon, and be confounded with, the purely biological effect of the offspring's own ALDH2 genotype. Consequently, in families where ALDH2*2-carrying offspring are raised by ALDH2*2-carrying biological parents, the protective effect associated with the ALDH2*2 allele is likely to be amplified, because it will also include the environmentally mediated influence of parental ALDH2*2 genotypes (although it has not yet been demonstrated that this gene-environment correlation actually exists). In our sample, where White adoptive parents do not carry the ALDH2*2 allele, differences in alcohol use associated with participants' ALDH2 genotype should be exclusively a function of that genotype and will not be confounded with parental ALDH2 genotype. Similarly, although a large proportion of the elder siblings of genotyped target participants were themselves of Korean descent, they were not biological siblings to the target participants, so the environmental effect of elder sibling drinking was not confounded by a systematic relationship between target participant and elder sibling ALDH2 genotypes.
For the analyses involving potential moderation of the effect of ALDH2 polymorphism by elder sibling alcohol use (gauged by the elder sibling combined alcohol problem index) and peer deviance (Table S3) , results were less consistent than those involving moderation by parental alcohol use. These inconsistencies may reflect limitations in the measurements available for elder sibling alcohol use and peer deviance. Notably, because not every participant had an older sibling, fewer observations were available for the analyses assessing the effect of elder sibling drinking, reducing power to detect moderating effect upon the ALDH2 polymorphism. Moreover, although alcohol-related peer influences have previously been shown to moderate the heritability of alcohol use (Agrawal et al., 2010; Dick et al., 2007) , it is possible that the measures of adopted familial alcohol use may exert a more readily apparent moderating influence upon ALDH2 genotype effect than peer deviance, because they are specific measures of environmental exposure to alcohol use, whereas the scale of deviant peer behavior that we used reflected the proportion of peers engaging in a wider variety of externalizing behaviors. Because this ALDH2 polymorphism influences alcohol use via a known mechanism, which specifically affects alcohol metabolism, ALDH2 would not be expected to contribute to variation in the largely genetic latent factor, which likely influences alcohol use and other externalizing behaviors in common (Krueger et al., 2002) . Peer deviance in general, although highly correlated with adolescent alcohol use (Sher et al., 2005) , may be too indirectly related to environmental alcohol exposure to moderate the influence of ALDH2 genotype. SIBS study participants were the residents of Minnesota, where alcohol use and binge drinking in adolescents and young adults are substantially above mean national levels (Substance Abuse and Mental Health Services Administration, 2010), so the omission of a sensitive and specific measure of peer alcohol use may be critical.
Genetic factors may influence the selection of peers or may be otherwise correlated with peer identity or behavior. In fact, a longitudinal twin study found that genetic factors accounted for the entirety of the relationship between directreport peer alcohol use and adolescent drinking (Hill et al., 2008) . However, in our sample, peer deviance did not vary by ALDH2 genotype, suggesting that it is appropriate to consider its influence as a potential environmental moderator of ALDH2 effect.
Meta-analyses of the association between alcohol dependence diagnosis and ALDH2 polymorphism suggest a rather large genetic effect (Luczak et al., 2006; Zintzaras et al., 2006) , although these meta-analyses largely comprise case -control studies in fully adult samples, unlike our own. In contrast, for the alcohol use outcomes we examined, the magnitude of the protection associated with the possession of the ALDH2*2 allele ranged from small to moderate (Table 3) . There are multiple possible reasons why the possession of the ALDH2*2 allele might afford only a small-tomoderate level of protection in our sample. First, as described above, the estimated effect of possession of the ALDH2*2 allele in this sample of adopted participants should be free from inflation owing to confounding introduced by the environmental influence of a biological parent or parents who also possesses the allele. Further, the maximum ALDH2*2 effect that we observed for each alcohol use phenotype occurred at the later ages included in the sample, so it is possible that the effect may continue to increase with age, beyond the ages at which our participants were assessed. Alternatively, though rather than continuing to increase with age, the magnitude of the effect of ALDH2 polymorphism may peak when alcohol use is typically highest-that is, during young adulthood (Sher et al., 2005) . In fact, in this sample, the effect of ALDH2*2 possession appears to level off or even diminish near the eldest observations. Although previous studies have noted increasing effect of ALDH2 polymorphism across periods of 1 or more years during young adulthood (Doran et al., 2007; Kim et al., 2010) , the development of the effect of ALDH2*2 possession upon alcohol use between young adulthood and later adulthood has yet to be studied.
To conclude, in this longitudinal sample of adopted participants of Asian descent assessed in adolescence and young adulthood, we reconfirmed the observation that the possession of the ALDH2*2 allele, which results in deficient ALDH2 enzyme activity, was also associated with multiple measures of reduced alcohol use and lower risk for alcoholrelated psychopathology. We also observed that the reduction in alcohol use associated with ALDH2*2 genotypes became more pronounced over the course of adolescence and into young adulthood-a period during which alcohol use also typically increases. Finally, we noted that parent and elder sibling alcohol use, as well as peer deviancy, may moderate the protective effect of ALDH2*2-although moderation by sibling alcohol use and peer deviancy was distinctly less certain than that by parent alcohol use, and none of the potential environmental moderators exhibited a strong and incontrovertible influence across all measures of target participant alcohol use.
While our observations support the notion that the effect of ALDH2 polymorphism develops longitudinally and may be environmentally moderated, we did not determine the mechanisms by which these processes occur. This problem may be addressed in future research by including longitudinally assessed measures of alcohol-related motives and cognitions, as well as more detailed measures of familial and social alcohol exposure, for example, household alcohol availability, and peer alcohol use and alcohol-oriented attitudes.
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